INTRODUCTION
============

The central role of research faculty in shaping research experiences
--------------------------------------------------------------------

Life science academic training pathways rely heavily on research experiences in laboratory environments. In order to sustain long-term research projects, life science research faculty are charged with the important mission of recruiting and training future generations of scientists. By offering undergraduate research experiences (UREs), faculty can positively impact STEM student retention and success, particularly for historically underrepresented (HU) students, and play a mentorship role that can be critical in the success of these students ([@b1-jmbe-21-23]--[@b3-jmbe-21-23]). Some research suggests that individuals consider going to graduate school after engaging in research experiences with faculty ([@b4-jmbe-21-23]--[@b6-jmbe-21-23]).

Recently, there has been a call for broadening participation in UREs by community college students, who represent some of the more diverse student undergraduate populations ([@b7-jmbe-21-23]). Many HU students begin their academic pathway at the community college level and account for a higher percentage of the enrollees at 2-year colleges than at 4-year colleges ([@b8-jmbe-21-23], [@b9-jmbe-21-23]). In addition, in the life sciences, of the doctorate recipients who had attended community college, 27.4% were Latinx, 44% Native American, and 22.5% black or African American ([@b10-jmbe-21-23]).

Research faculty also train the future research faculty of research-intensive (R1) and primarily undergraduate institutions (PUIs), as well as many of the future teaching faculty of R1s, PUIs, and community colleges. Additionally, all PhD-level scientists who manage STEM employees in industry and government spend years training under academic research faculty.

As a consequence, the success of the STEM academic pathway is highly reliant on the scientific training and the professional development provided by research faculty. However, this intense reliance on one or two faculty over the course of a future scientist's training period sets the stage for potentially serious disparities in the experience and success of trainees. This "hierarchical and dependent relationship between trainees and faculty" has been linked to gender disparities in the laboratory and sexual harassment of women in the sciences ([@b11-jmbe-21-23]). Additionally, a recent study pointed to evidence of socially irresponsible and even illegal behaviors of research faculty towards their trainees that are mostly left unaddressed by institutions ([@b12-jmbe-21-23]). These findings suggest the importance of mentor training in supporting a diverse and healthy life sciences workforce.

In the past decade, several successful interventions have been designed to help faculty develop mentorship skills ([@b13-jmbe-21-23], [@b14-jmbe-21-23]). The "Entering Mentoring" curriculum, an evidence-based mentor training has been foundational in attempting to address disparities and developing culturally competent mentors in the biomedical sciences ([@b13-jmbe-21-23], [@b15-jmbe-21-23], [@b16-jmbe-21-23]). In recent years, the large-scale interventions developed by the National Research Mentoring Network consortium have begun to change the national narrative around mentor responsibilities and the importance of developing the cultural competence of mentors ([@b17-jmbe-21-23]).

However, there is evidence of power differentials between trainees and their research faculty mentors ([@b18-jmbe-21-23]) which are not explained by current mentoring definitions and frameworks. They are, in fact, typical of the relationship between supervisors and their subordinates ([@b19-jmbe-21-23]).

In this article, we argue for redefining and expanding our understanding of research mentoring by recognizing that research faculty play multiple roles as the mentors of new trainees. We distinguish three essential roles of research faculty towards their trainees within the laboratory research setting, namely as: (i) mentors or advisors, (ii) educators, and (iii) supervisors. Because the importance of the supervisory role is often overlooked in the life sciences, we offer examples of how current laboratory supervisory practices can impact the health of the research enterprise and the diversity of academic training pathways. Finally, we advocate for the life science education research community to expand its definition of the roles of research faculty towards their trainees as it considers the impact of faculty-trainee relationships and research experiences on the retention and success of trainees at all levels.

The three roles of research faculty towards their trainees: advisor, educator, and supervisor
---------------------------------------------------------------------------------------------

According to social role theory, a role is "a set of behaviors that belong to a specific (...) position" and one individual can be expected to hold more than one role in a given position ([@b20-jmbe-21-23], [@b21-jmbe-21-23]). In this article, we will focus on faculty member's multiple and distinct roles towards trainees as a research advisor, research educator, and research supervisor ([Fig. 1](#f1-jmbe-21-23){ref-type="fig"}).

![Research faculty at research-focused institutions take on multiple roles with their trainees in the laboratory. As research advisors, they support the career development of trainees (green circle); as research educators, they teach concepts and skills (blue circle); and as research supervisors, they oversee human resources (red circle).](jmbe-21-23f1){#f1-jmbe-21-23}

### The research advisor role

There are various definitions of mentoring used in the life sciences, and different groups have different preferences on how to define mentoring in their research field ([@b6-jmbe-21-23], [@b13-jmbe-21-23], [@b15-jmbe-21-23], [@b16-jmbe-21-23], [@b22-jmbe-21-23]--[@b24-jmbe-21-23]). The research literature on undergraduate-faculty mentoring relationships tends to highlight the mentor's role as an advisor to their mentee: (i) providing psychological and emotional support to the student, (ii) supporting the student in setting goals and choosing a career path, and (iii) acting as a role model ([@b25-jmbe-21-23]). In addition to this advisory role, some of the research literature on mentoring also suggests that mentors transmit academic subject knowledge to their mentees, a responsibility which overlaps with the research educator role described in the next section.

Studies have shown that mentors are overall beneficial to career outcomes ([@b26-jmbe-21-23]--[@b28-jmbe-21-23]) and that psychosocial and career support, as well as role modeling, are integral to mentee success across gender and cultures, with the strongest effects coming from role modeling ([@b23-jmbe-21-23], [@b29-jmbe-21-23]--[@b31-jmbe-21-23]). In the life sciences field, anyone overseeing a trainee can be referred to as a "mentor"; therefore, we will refer to this specific role of research faculty as that of a *research advisor* from here on and will use the term *research mentor* to refer to the three roles together (advisor, educator, supervisor).

### The research educator role

Since research faculty are charged with the scientific development of new laboratory scientists at the postdoctoral, graduate, and undergraduate level, the educator role also factors prominently in their role toward trainees. ([Fig. 1](#f1-jmbe-21-23){ref-type="fig"}). Research faculty who take on a new trainee or intern with little or no laboratory experience will be expected to teach them foundational research skills so they can become a productive member of the research team ([@b32-jmbe-21-23]). Research faculty are also in charge of teaching more experienced trainees the concepts required for their very specialized research. Therefore, emphasizing this pedagogical role of research mentors as it relates to laboratory research education is an important step to improving the training experience of future scientists.

### The research supervisor role

In the life sciences, research programs require extensive resources (e.g., expensive laboratory equipment, large amounts of reagents and supplies, or maintenance of animal or plant models) and complex technological expertise. To meet the level of productivity expected of them, research faculty need the support of several team members to run their research programs, which requires funding the salary and benefits of technicians, graduate students, and/or postdoctoral trainees. Therefore, to achieve their goals, life science research faculty must take on "managerial" responsibilities: "planning, organizing, leading, and controlling the human, physical, financial, and information resources of the organization in an effective and efficient manner" ([@b33-jmbe-21-23]). As managers of human resources, they must accomplish supervisory tasks, such as selecting, hiring, training, evaluating, and when necessary, disciplining and terminating the position of individuals in accordance with university guidelines and/or federal and state employment laws.

###### 

Example of pedagogical and supervisory practices observed in our work with new trainees (e.g. community college students) in R1 laboratories, the potential impact of these practices, and suggested inclusive practices.

  Example of Observed Practice                                                                                                                                                                                                                                                                                                                                                                                                                                         Potential Impact                                                                                                                                                                                                                                                                                                                                                                                                                                             Inclusive Practice
  -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------ ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  **Supervisory:** The research mentor does not realize that the trainee is not familiar with the implied expectations of the laboratory or the research experiences, including those relating to the laboratory culture. For example, it is not clear to the trainee when and how they should report issues and mistakes, or ask questions.                                                                                                                           The trainee fails to meet the mentor's unstated expectations. For example, the trainee fails to report mistakes in a timely manner or the trainee asks too many questions. As a result, the mentor first assumes without sufficient evidence that the trainee is not capable of meeting their expectations.                                                                                                                                                  The research mentor should not assume that the trainee is familiar with unstated laboratory expectations. Instead, the research mentor should make all expectations clear to the trainee at the beginning of their work together. They should first consider trainee errors as an indication that the trainee is unclear with expectations, and (re)state them to the trainee (see [Table 2](#t2-jmbe-21-23){ref-type="table"}).
  **Educational:** The research mentor does not realize that the trainee is not familiar with foundational science concepts related to the laboratory's research. For example, the mentor bases their assumption of what the trainee must know on their educational background (courses completed, degrees obtained) or the trainee's perception of familiarity with a topic.                                                                                          The trainee fails to meet the mentor's unstated performance expectations because the trainee doesn't have the foundational knowledge required to understand higher-level concepts. The mentor further incorrectly assumes that the trainee is not capable of learning complex scientific concepts, and is therefore not able to meet the expectations of their laboratory or institution.                                                                    Regardless of previous experience or references, the mentor should confirm the trainee's familiarity with concepts and abilities. The mentor should first make learning and performance expectations clear to the trainee and conduct a direct baseline assessment of trainees' knowledge and skills.
  **Educational:** The research mentor sets out to expose the trainee to multiple techniques in their first weeks in the laboratory and to explain numerous new scientific concepts. They provide the trainee with articles to read and invite them to laboratory meetings and scientific seminars. However, they neglect to set boundaries with learning outcomes or articulate which concepts/skills the trainee should prioritize understanding/developing first.   The lack of clearly articulated learning outcomes and priorities incorrectly shapes a trainee's unrealistic and unfocused learning goals. This may impact the trainee's ability to progress, and contribute to repeated mistakes and/or feelings of being overwhelmed. The mentor may view the trainee's substandard performance or behavior as evidence that the trainee does not have the educational foundation, ability or drive to meet expectations.   The trainee's failure to meet expectations should first prompt the research mentor to review if they have clearly set and prioritized learning outcomes. If not, the mentor should narrow in on a few key concepts and techniques to teach and assess during the course of the traineeship and clarify them to the trainee.

As a result, faculty members take on an additional responsibility, that of a research supervisor toward trainees ([Fig. 1](#f1-jmbe-21-23){ref-type="fig"}). Consequently, the trainees who depend on a faculty member to play a supervisory role will take on the role of a subordinate, whose work directly impacts that of their supervisor. Importantly, research faculty currently receive limited to no training when it comes to their supervisory responsibilities towards trainees, and as a result, may struggle to fulfill these responsibilities: "Managing people is the hardest thing about our job because we're not trained to do that at all ... We lie awake at night agonizing over people. (...) I think this addresses a real big issue in our whole career" ([@b34-jmbe-21-23]).

This supervisor-subordinate relationship can be the source of power differentials that are distinct from that of a purely traditional mentor-mentee dyad (for example, between a junior and a senior faculty member). Drawing from identity and resource dependence theories, Farmer et al. proposed that "supervisors have power over their subordinates when they control resources needed for the subordinates' enactment and maintenance of current and desired identities" ([@b35-jmbe-21-23]). For trainees to "enact and maintain" their identities as academics, they need access to the intellectual and technical resources provided by research faculty, as well as to financial and logistical resources controlled by the same faculty member (such as visas for international scholars). This intense reliance on faculty creates a power differential that is not sufficiently accounted for by current life science mentorship frameworks. By recognizing how research faculty assume the role of supervisors relative to their trainees, we are better able to acknowledge and assess how power dynamics operate in these mentoring relationships.

Current supervisory practices and their impact on the academic pipeline and the research enterprise
---------------------------------------------------------------------------------------------------

In this section, we present what is already known of laboratory supervisory practices used in STEM as they relate to the supervisor role outlined above, and when information is available, by life science research faculty, and their potential impact on the diversification of the academic pipeline and the success of the research enterprise.

### Hiring practices

There is little research on how supervisory practices impact diversity in academia, aside from one key practice: hiring. Research faculty have shown biases in favor of male candidates (from technicians to graduate and postdoctoral trainees) ([@b36-jmbe-21-23], [@b37-jmbe-21-23]) and those from prestigious institutions and labs ([@b38-jmbe-21-23]). Generally, these hiring biases are more obvious when an application involves conflicting information about the candidate or involves candidates with high but "slightly ambiguous competence" ([@b36-jmbe-21-23], [@b39-jmbe-21-23], [@b40-jmbe-21-23]). Since HU trainees are less represented at the most research-intensive institutions, this bias could disproportionately impact them ([@b41-jmbe-21-23]). In our work, we regularly see community college students from City College of San Francisco, a large urban community college and a Hispanic-serving institution, compete with undergraduate volunteers from the University of California (UC) Berkeley for the same internship positions at UC San Francisco. In fact, even in the absence of 4-year candidates, faculty members have asked postgraduate mentors (graduate students and postdocs) to consider finding a 4-year undergraduate instead of hiring existing community college internship candidates.

Systematic hiring methods, such as blinding application materials, developing detailed interview evaluation rubrics, and using multiple evaluators, have been shown to be effective for countering bias, and yet these methods are not usually required practices in research laboratories ([@b42-jmbe-21-23], [@b43-jmbe-21-23]). These methods are inclusive laboratory supervisory practices, and their absence could lead to systematic bias and, as a result, have a rippling effect on the diversity of the academic enterprise. A system where HU and female trainees are less likely to be hired at each transition point in the academic pipeline reduces the opportunities to diversify the faculty body, which in turn prevents new generations of trainees from being hired and retained by diverse faculty. By explicitly acknowledging that part of a research faculty member's role is that of a supervisor, we can clarify the expectation that faculty members should be using hiring practices that are inclusive of all the trainees they hire, and we can develop processes to support faculty in achieving these goals.

### Laboratory culture

Supervisors are also responsible for creating and monitoring the organizational culture of their laboratory ([@b44-jmbe-21-23]). As a supervisor, a research faculty member uses expectation setting and role modeling to set the tone for the culture of the lab ([@b34-jmbe-21-23]). Research faculty must also ensure that these expectations are met consistently and must take action when they are not. In the absence of such practices, the laboratory environment can be less inclusive to certain subgroups and, in some instances, outright dysfunctional. Fourteen percent of researchers describe their lab culture as "abusive," "oppressive," or "hostile" ([@b45-jmbe-21-23]). In addition, there is evidence of systemic gender inequities and instances of bias against biomedical female trainees and sexual harassment of female trainees ([@b46-jmbe-21-23]). These findings suggest the need to support faculty by teaching them better supervisory practices to cultivate a supportive and functional lab culture. It is likely that research faculty who are unclear about their supervisory role will also lack the language and frameworks to intentionally cultivate a productive laboratory environment or will not know how to skillfully respond to difficult situations where trainees engage in unproductive behaviors, including those that are not fully inclusive of their peers ([@b47-jmbe-21-23], [@b48-jmbe-21-23]).

Trainees and laboratory members have requested more supervisory training for their principal investigators (PIs), and in our experience, many faculty agree, especially future and junior faculty ([@b45-jmbe-21-23]). However, the responsibilities of research faculty towards their trainees are often shared or passed on to graduate students and postdoctoral scholars, resulting in varied outcomes for different HU groups ([@b44-jmbe-21-23], [@b49-jmbe-21-23], [@b50-jmbe-21-23]). In particular, undergraduates have reported negative experiences with graduate students and postdoctoral scholars that involve "scapegoating" and described how these negative relationships "hardened \[their\] shell" ([@b44-jmbe-21-23]). These situations can be especially detrimental for HU trainees who may already be functioning in an environment that does not fully support their values and beliefs and could at least in part explain the loss of interest for academic careers of these trainees observed by others ([@b51-jmbe-21-23], [@b52-jmbe-21-23]). This underscores a need to develop the supervisory skills of not only current faculty, but also those of future faculty, with an emphasis on inclusive supervisory practices ([@b53-jmbe-21-23]).

Effective and inclusive laboratory practices: applying the scientific teaching framework to supervising and educating in the laboratory
---------------------------------------------------------------------------------------------------------------------------------------

Together, these findings illustrate how the absence of laboratory practices supportive of all trainees can hinder progress on different fronts: toward more diversity in STEM fields, as well as toward a more productive and rigorous research enterprise.

The question, then, is: Can we identify best supervisory and pedagogical practices in the laboratory that can supplement well-established effective and inclusive mentoring practices ([@b13-jmbe-21-23])? In this section, we suggest potential frameworks for such practices.

### A framework for pedagogical practices in the laboratory

In the undergraduate classroom, modern pedagogical frameworks advocate for transparency and specificity of teaching goals, assessment of prior knowledge and skills of learners, and the development of a teaching strategy that bridges prior skills to goals and promotes systematic evaluation of progress by providing specific feedback through frequent formative assessments, as well as transparent summative assessment methods ([@b54-jmbe-21-23]--[@b56-jmbe-21-23]). This additional structure has been shown to decrease the achievement gap and appears to be particularly beneficial to underprepared students and students from some minority groups ([@b57-jmbe-21-23]). For this reason, these evidence-based pedagogical methods are considered more inclusive than traditional teaching methods and are being broadly adopted across institutions in the United States ([@b54-jmbe-21-23], [@b55-jmbe-21-23], [@b58-jmbe-21-23]).

To ensure the retention and success of all trainees, this evidence-based approach to teaching should be extended to teaching research skills and scientific concepts in the laboratory ([Table 2](#t2-jmbe-21-23){ref-type="table"}). While teaching in a lab can be considered "hands-on," it can lack the basic elements of successful evidence-based teaching. In evidence-based pedagogical laboratory practices, clear goals and formative assessments with regular feedback are used to scaffold the hands-on learning experience. However, in many laboratories using the apprenticeship model, trainees are expected to "absorb" what they need to learn by watching others speak about science in laboratory meetings and by reading papers, but without a clear sense of what knowledge they need to acquire or feedback on how well they are acquiring that knowledge. For new trainees, this lack of clarity in expectations and absence of feedback can be overwhelming. This is also true when it comes to skills development: new trainees are often "exposed" to all sorts of techniques without a clear sense of what skills they need to master first.

###### 

Guiding questions to develop evidence-based and inclusive practices for each of the three research mentor roles: advisor, educator, and supervisor.

![](jmbe-21-23t2a)

  Practice                                                                                                          Research advisor                                                                                                                                                                                                                                                                                                                                                                                                        Research educator                                                                                                                                                                                                                                                                                                                                 Research supervisor
  ----------------------------------------------------------------------------------------------------------------- ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  **1. Define and communicate clear expectations**                                                                  At what stage of career development is the trainee?What are the trainee's career goals?What do the trainee and mentor expect of their relationship, when it comes to career development?                                                                                                                                                                                                                                What concepts should the trainee know to perform adequately in the laboratory? What concepts should they learn to get to the next stage of their career?What skills should they master?What is the timeline for learning these concepts and skills?                                                                                               What overall projects and individual tasks are trainees expected to complete?At what level of competency are trainees expected to perform?What are the expected standards of productivity and quality of the work produced by the trainee?What is a reasonable timeline in which to meet developmental and independence benchmarks?
  **2. Define and assess baseline-level competencies systematically and align them with expectations**              How close is the trainee to their career goal?How well do they understand what activities will allow them to advance towards the next step in their career?Does the trainee have an individual development plan?                                                                                                                                                                                                        What is the prior knowledge and skills mastery of the trainee?How early in the training process are the trainee's prior knowledge and skills assessed?Are they assessed through direct and systematic assessment measures, or is the research mentor relying on the trainee's self-assessment?                                                    What is the baseline performance of the trainee on key tasks and projects?How well does the trainee meet the expected standards of productivity and quality of work?How should the trainee respond in specific situations that have been problematic in the past?How will the trainee engage with other team members?Is the trainee responsive to feedback on their behavior and performance?
  **3. Assess intermediate milestones and provide formative feedback regularly**                                    Does the research mentor check in regularly regarding the trainee's progress toward their career goals?Does the trainee feel like they can approach the research mentor when needed?Is the trainee receiving feedback from the research mentor on what they are doing well to prepare for their career goals?Does the trainee know what they should do differently and/or how to improve to reach their career goals?   Is the trainee's progress toward learning goals assessed directly and regularly?Is the trainee receiving specific and regular feedback on their progress?Does the trainee know what they still need to learn?                                                                                                                                     Is the trainee's performance and conduct assessed directly and regularly?Is the trainee receiving specific and regular feedback on their performance and conduct, including how they are meeting expectations?If the trainee is not meeting expectations, are they informed in a timely manner?Is the trainee given achievable steps, benchmarks, and support to correct their performance or conduct?
  **4. Set transparent consequences and rewards for attainment of outcomes**                                        Are the criteria for providing recommendations or sponsorship or the reasons for terminating the research mentor-trainee relationship transparent?                                                                                                                                                                                                                                                                      Is overall learning in a laboratory environment evaluated using transparent, systematic evaluation tools (e.g., grading rubrics)?Do trainees know when they have succeeded or failed at achieving the learning goals established for them?Is the trainee provided with a clear explanation of what will happen if they do not meet these goals?   Are the decision criteria for rewards and consequences transparent, systematic, and fair (e.g., authorship position, permission for travel to conferences, assignment of projects, support for fellowship and grant proposals)?
  **5. Provide access to appropriate resources for success**                                                        Does the research mentor provide psycho-emotional support to the trainee?Does the research mentor provide the trainee access to their network?Does the research mentor advocate for the trainee and provide sponsorship when the trainee needs it?                                                                                                                                                                      Based on the assessment of prior knowledge and skills, what is the expected learning curve of the trainee?What is the training plan and its timeline for the trainee?Is the trainee being taught using evidence-based teaching strategies?Is the trainee provided with the types of resources that meet their needs as learners?                  Does the research mentor support the needs of the trainee by providing access to resources in a timely manner, including information, collaborators, mentors, experts, supplies, and equipment?Does the supervisor take into account the professional needs of diverse populations of trainees, some of which may be impacted by the personal characteristics of the trainee?
  **6. Define, communicate, and address conflicts around culture, values, and behavioral expectations**             What are the values of the trainee? What are the values of the research mentor?Which of these values are shared with the trainee?Can the research mentor and trainee accommodate differences? If so, how?                                                                                                                                                                                                               What is the culture of teaching and learning in the laboratory?What are the expectations when it comes to self-directed learning?How is the trainee expected to identify and fill their knowledge and skills gaps?How are differences (e.g., cultural differences) accounted for in the education of new trainees?                                What are the behavioral and conduct expectations in the lab?What values are being modeled by the research mentor and the other team members?What rules must be enforced to maintain the intended lab culture?How are differences managed in the laboratory culture?What are the consequences for poor or inappropriate conduct?
  **7. Define transparent and objective eligibility criteria that align with the requirements of the experience**   Can the trainee's needs and goals be met by the research mentor's skills, knowledge, resources, and/or network?Is the trainee at the right level for the mentorship offered by the research mentor?                                                                                                                                                                                                                     What are the knowledge and skills requirements for the position?Is the assessment of prior knowledge and skills conducted in a systematic and direct manner, or is it based solely on indirect measures (e.g., prestige of the institution, colleague's recommendation, or grade in a class)?                                                     Are the requirements of the job description aligned with the performance expectations of trainees?

Therefore, ideally, research mentors should design training plans that take into account the prior conceptual knowledge and skills of the trainee, the duration of the research experience, and the goals of the research experience. Using backward design principles and specific language, research faculty can hereby set clear learning objectives for the trainee, provide information of success metrics to evaluate said learning goals, and develop a training plan to ensure that research mentors have used appropriate teaching techniques that meet the laboratory's standards ([Table 3](#t3-jmbe-21-23){ref-type="table"}) ([@b56-jmbe-21-23]).

###### 

Examples of backward design applied to the three roles of a research mentor, in a scenario where the trainee is an undergraduate or community college intern.

![](jmbe-21-23t3a)

  ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
                                                                                                            Conceptual Knowledge (Educating)[a](#tfn1-jmbe-21-23){ref-type="table-fn"}                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                   Technical Skills (Educating)                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                               Performance (Supervising)                                                                                                                                                                                                                                                       Professional Skills and Attitudes (Advising)
  --------------------------------------------------------------------------------------------------------- ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------ ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------ ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  **Goals and Expectations:**\                                                                              Be able to interpret results from an IP and WB of the insulin receptor.                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      Be able to independently run a WB from a given protein sample and antibody, with a given protocol.                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                         Be able to produce IP and WB results that are at the quality standard required for publication.                                                                                                                                                                                 Be able to describe how the experience they have acquired in the internship can help them attain their career goals
  What final goal would you like your trainee to reach?\                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                            
  *Start the sentence with "Be able to..."*                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                         

  **Evaluation:**\                                                                                          When asked to analyze the results of a WB after IP, the intern can describe how the results relate to changes in the insulin receptor signaling pathway.                                                                                                                                                                                                                                                                                                                                                                                                                                                     When given a protocol, protein sample, and antibody, the intern can perform the experiment independently.\                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                 When asked to perform a technique for which the intern has been trained, the intern can produce results that are of the following quality (provide an example of the type of result expected here; provide an example of a result that is of poor quality).                     When asked how this research experience makes them a good candidate for a position in an interview, the candidate can describe the skills they have learned, the quality of their work and results, and how they contributed to the advancement of the lab's goals.
  (measure of success)\                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                  If given a new protocol, protein, and/or antibody, the intern will take the initiative to review the protocol with the mentor first and ask questions as needed.                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                           
  How will you and the trainee know they have attained this goal?                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                   

  **Assessing Baseline Level:**\                                                                            Ask the intern to describe the insulin receptor signaling pathway, the principles of IP and WB. Ask the intern to interpret IP and WB results.                                                                                                                                                                                                                                                                                                                                                                                                                                                               Ask the intern to explain the principles of the WB and describe the main steps of the experiment.\                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                         Show examples of appropriate-quality vs. poor-quality results and ask the intern if he or she can distinguish between them, to list potential reasons for getting poor-quality results, and how this will impact their project.                                                 Ask the intern to describe their career goals, their ideal position after this experience, the expectations of candidates for this type of position, and how their prior and current experiences can help them attain this type of position.
  How will you directly assess the trainee's level of competency before they start?                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      If they have performed the technique before in class or in a lab setting, ask them to describe its goals, the steps of the experiments, and the protein and antibody samples they used.\                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                   
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                         If possible, have them perform a short experiment during the interview as a job simulation.                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                

  **Teaching Strategy and Support:**\                                                                       Tailor teaching to the intern's current knowledge and preferred learning medium and current level: Provide slides from a cell signaling seminar or lecture.Provide a section of a review paper relating to the insulin receptor signaling pathway.Assign iBiology or Khan Academy videos on the insulin signaling pathway.Assign educational materials on IP and WB.Talk through the analysis of IP and WB results with the intern, then ask them to analyze new results with feedback. Set up a meeting in 2 weeks to have the intern describe or diagram the principles of IP and WB back to the mentor.   Tailor training to the intern's current skills level: Review or teach the principles of WB.Read through the protocol with the intern, explaining each step.Demo the experiment slowly while the intern takes notes and asks questions, allow the intern to review the protocol on their own, and schedule a meeting to discuss new questions.Perform a new demo in front of the intern, at a normal pace. Let the intern ask questions again.Let the intern practice the technique in front of the mentor twice with thorough, constructive feedback.Let the intern do it without the mentor while the mentor is accessible for support.   The mentor and intern will regularly meet and discuss the results obtained by the intern and describe the difference between quality vs. poor results. The mentor will go over possible reasons for getting poor results and the impact on the project when results are poor.   Tailor mentoring to the intern's baseline level: Help the intern meet current staff members who have a similar educational background and/or similar career goals.Provide information to the intern on how to conduct an informational interview to gain better understanding of expectations of their target positions.Help the intern develop an understanding of how their experience will help them attain this position.Have the intern practice explaining how their experience serves this position.
  What will the mentor do to help the trainee reach the goals and expectations from their baseline level?                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                           
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IP, immunoprecipitation assay; WB, Western blot assay.

When it comes to postgraduate training, it is best for the institution to set up a structured training that gives graduate students and postdoctoral scholars more transparent and specific training outcomes. A study of graduate programs suggested that developing a "culture of structure," where both faculty and trainees have a clear sense of the expectations for trainee success, like the need to present scientific findings at a conference, creates a more equitable environment for underrepresented and female trainees ([@b35-jmbe-21-23], [@b36-jmbe-21-23]). To ensure the retention of a diverse workforce in the academic pipeline, these training outcomes may need to be mapped to the hiring requirements of trainees' future desired positions, including faculty positions ([@b59-jmbe-21-23]).

### A framework for supervisory practices in the laboratory

When it comes to the responsibilities of a supervisor, the literature on effective and inclusive supervisory practices aligns surprisingly well to that of evidence-based pedagogical practices and positive outcomes described above. Respect, Recognition, Responsiveness and Responsibility, summarized as "the four Rs" of inclusive leadership (which includes managers and supervisors) positively impacts employee morale, performance, and conduct ([@b60-jmbe-21-23]). Employees who experience inclusive leadership best practices report an improved sense of belonging and mental well-being at work, as well as increased feelings of being valued, trusted, and psychologically safe ([@b61-jmbe-21-23]--[@b63-jmbe-21-23]). Furthermore, inclusive leadership has been shown to increase overall employee productivity and boost performance in innovation skills valued by organizations, such as employee creativity and the ability to solve problems ([@b64-jmbe-21-23]--[@b66-jmbe-21-23]). Finally, inclusive practices positively affect employee involvement, motivation, and retention ([@b60-jmbe-21-23], [@b62-jmbe-21-23], [@b65-jmbe-21-23]--[@b68-jmbe-21-23]).

In the day-to-day responsibilities of a manager, best practices include the use of performance management systems, which involve a dynamic process for managing employee performance and which matches the recommended pedagogical practices in scientific teaching. It advocates for (i) the development of measurable performance goals in alignment with a defined role, (ii) the measurement of these goals in a systematic and objective way, (iii) the assessment of these goals continuously through constant informal feedback and coaching, (iv) the modification of roles and goals as they change, and (v) an assessment of overall performance ([Table 2](#t2-jmbe-21-23){ref-type="table"}) ([@b69-jmbe-21-23], [@b70-jmbe-21-23]).

As described in [Table 3](#t3-jmbe-21-23){ref-type="table"}, performance expectations can be laid out clearly for new trainees, particularly undergraduate and community college interns, by using a simple backward design process ([@b56-jmbe-21-23]). Alternatively, simple rubrics can allow the trainee to understand clearly what is expected of them and provide a framework for the research faculty to provide corrective feedback to the trainee. By also making conduct expectations clear for everyone in the laboratory, research faculty can also set the tone for a laboratory culture that is inclusive for all.

Whether students succeed or fail to progress as expected towards learning goals, successful pedagogical practices emphasize the importance of being transparent and clear in regard to the criteria that determine all rewards and consequences. In classroom pedagogy, this refers to details of the grading criteria and point allocation, for example, by using syllabi and grading rubrics ([@b71-jmbe-21-23], [@b72-jmbe-21-23]). In supervision, rewards for successful performance are a source of significant power over the subordinate ([@b34-jmbe-21-23]). In laboratory supervision, rewards for successful performance can take different forms: publication authorship, travel to a conference, permission to submit a K99 grant proposal, or letters of recommendation for future positions. For each of these important rewards in a trainee's career, what is the faculty member's decision-making process? This framework applies to conduct expectations as well, particularly in situations where trainees do not conduct themselves in a professional manner with their peers. How should trainees communicate with each other? What should they do when they have a conflict with a laboratory member? How does the faculty member want to hear difficult news? What should someone do if they notice inappropriate behaviors in the laboratory?

Just like in a class syllabus, expectations and evaluation criteria for performance and conduct can be delineated through a "Welcome" letter, a laboratory philosophy web page, and/or a laboratory manual ([@b73-jmbe-21-23]--[@b75-jmbe-21-23]). By making the criteria for their decision-making more transparent, faculty members can clarify the expectations for new trainees and mitigate their own bias in the decision-making process. Additionally, this can also ensure that all trainees are assessed using the same criteria, thereby making the research environment more inclusive. In situations when research faculty must delegate their supervisory responsibilities to postgraduate mentors, they will ensure that these postgraduate mentors have a clear understanding of the expectations and evaluation criteria as well. These are essential steps in maintaining an inclusive culture and ensuring that the work performed meets the research faculty's standards of scientific rigor.

Future directions
-----------------

In this essay, we have argued that research faculty and the postgraduate trainees who take on research mentor roles in academic research actually take on multiple roles advising, educating, and supervising. We believe that differentiating these three different roles and training research mentors in effective practices around them should allow for increased productivity, efficiency, and sustainability of the research enterprise. Using inclusive evidence-based practices in all three roles should also lead to decreased biases in hiring, managing, and teaching laboratory skills to trainees, hopefully increasing diversity to the STEM pipeline. We advocate for a three-pronged approach for the life sciences community to address these systemic issues that affect both faculty and trainees.

First, we must develop interventions that can support faculty and their trainees to develop inclusive practices. By training faculty, graduate students, and postdoctoral scholars to be more mindful of the different roles they play as mentors in the laboratory environment, helping them develop strategies for advising, educating, and supervising more effectively, we can foster better communication and ultimately more productive working relationships. They must be supported in dealing preemptively with conflicts which may arise in the absence of inclusive practices. Our group has been piloting novel interventions to address some of the issues described in this paper for several years, particularly as they relate to two types of mentor-mentee dyads described here: the faculty-postgraduate dyads and the postgraduate-community college dyads ([@b76-jmbe-21-23], [@b77-jmbe-21-23]). The training involves two parallel curricula: first, a training for trainees (in the first dyads, postgraduate trainees, in the second dyads, community college students) to "manage up" their relationship with their R1 research mentor, and second, a training for R1 (faculty and postgraduate) research mentors to advise, educate and supervise other trainees inclusively in the laboratory. The R1 mentor curriculum has been offered and iteratively improved over several semesters to postgraduate mentors and is now being piloted with research faculty. In addition to teaching inclusive practices in supervision, education and mentoring these trainings attempt to change the "deficit thinking" that participants bring to the training ([@b78-jmbe-21-23]). On one hand, research mentors often believe that mentoring issues arise from the lack of skills, knowledge, or motivation of trainees (a student deficit model). On the other hand, trainees often believe these same issues are due to a lack of quality mentorship from their research mentor (a mentor deficit model). Instead, we believe that many of these issues are caused by systemic issues with the academic system itself that perpetuate social disparities ([@b78-jmbe-21-23], [@b79-jmbe-21-23]). We believe that our field should increase its focus on the institutional or systemic deficits that cause these conflicts and potential strategies to mitigate them.

The second prong is building recognition of all three roles of faculty mentors at research-intensive institutions and government agencies which can develop policies and support infrastructures that will support faculty and trainees, including equal incentives for all three roles. Recent efforts to improve the NIH T32 funding expectations and evaluation process have laid the groundwork for change, but more should be done to recognize the power differentials between supervisors and their subordinates and mitigate any inhibiting consequences in order to ensure that trainees are provided with a high-quality educational experience ([@b80-jmbe-21-23]). In parallel, there must be more efforts to assess the ways in which training grants incentivize the use of inclusive practices for all three roles.

Third, we call for the biology education research field to develop more robust research around the supervisory role of research faculty and their impact on trainees. For example, we must begin to explore how the supervisory role of research mentors may be beneficial and how it may be detrimental to the achievement of undergraduate, graduate, and postdoctoral research training goals. How does the research faculty's supervisory role support trainees' ability to attain their training goals? How does the supervisory role conflict with the attainment of these goals? We have begun exploring this, as well as identifying the factors that predict the importance of each role in the mentor-trainee relationship. For example, one of our questions is whether full financial independence between postgraduate trainees and faculty (i.e., not just salary and benefit support) can lessen the pressures of the supervisor- subordinate power structure. These findings could help inform policy and training to create a more supportive and inclusive training environment for undergraduate, graduate, and postdoctoral trainees.

Through an NSF ATE collaboration, we are currently exploring how community college trainees are integrated into academic research laboratories, as these are students who are often nontraditional, historically disadvantaged, and frequently have career goals that differ from their R1 mentors ([@b77-jmbe-21-23], [@b81-jmbe-21-23]). Specifically, how do supervisory practices (for example, the hiring practices and monitoring of laboratory culture) impact the success of community college trainees in research laboratories?

More generally, our community needs to understand how different types of laboratory practices impact the health of the research environment, its inclusivity, and the productivity of research teams. Lessons learned in biology education research, which have been extensively used to study graduate student teaching assistants, for example, and to a lesser extent, the mentoring relationships of faculty, postgraduates, and undergraduates, should be expanded to these supervisory relationships and power structures, as they may impact the diversity of the entire academic career path and therefore, the STEM workforce.

In conclusion, we believe that it is vital that the academic research community recognizes how the different roles of research faculty towards their trainees are operative in the workplace culture of the research lab. Research faculty are driven to sustain their research labs as enduring enterprises, and the disentanglement and clarification of the three roles outlined in this paper will allow the life science community to further assess and improve research mentoring overall as a means of supporting and growing research teams and developing the future STEM workforce.
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